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Southern McArthur Basin
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• Part of a larger Proterozoic basin system

• Had a long-lived and complex evolution

• Experienced transient episodes of extension and basin 
inversion driven by far-field plate boundary processes 

• Developed a complex architecture of large basin scale 
normal and strike-slip faults that 

• Changed orientation as the basin evolved

• Were periodically reactivated during different phases 
of the basins history 

• In some cases became conduits for mineralising fluids



Overview
Interpretation and modelling of newly acquired geophysical data 
provides insight on:

• Basin architecture, including variations in thickness of 
stratigraphy and fault geometries

• Potential metal sources

• Structural controls on sub-basins that host mineralisation, 
and faults which may be conduits for fluids

• Architecture of sub-basins

• Deformation

• Linked to geodynamic setting

• Identify possible triggers for fluid flow
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Methods
• Solid geology and structural interpretation of 

geophysical data

• Formation-level detail in BFZ. Sub-group level across rest 
of southern McArthur Basin

• 2D forward modelling of high-resolution 
gravity profiles

• 6 x EW and 1 x NS cross-sections

• Integration of results with geodynamic 
framework of northern Australian basin 
systems
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Solid geological interpretations
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Modelling
• 500 m gravity profiles acquired as part of  the 

BFZ gravity survey conducted in late 2017

• 6 x EW and 1 x N-S forward models based on 
gravity (regional removed) and magnetic data 
were constructed (location partly restricted by 
land access)

• Constrained by:
• Seismic data

• Well data

• Rock property data

• Seebase



Central Batten Fault Zone
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Central Batten Fault Zone
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Central Batten Fault Zone (N-S)
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Source and transport of metals
• Mafic volcanics

• Anomalously thick in areas where mineralisation is known

• If these volcanics were the source the metals, it implies 
the fluids were not transported far

• Felsic intrusions within basement

• Granitic clasts within sandstone units of the Tawallah
Group

• Faults

• Modelled major sub-basin bounding faults that tap the 
basement and aquifers in the Tawallah Group, including 
potential metal sources

10 |



Insights from regional modelling
• Better definition of faults, dip, kinematics 

and subsurface extent of stratigraphy

• Modelling is important to 

• Resolve large-scale structures

• Can answer questions on presence/absence of 
volcanics, siliciclastic sediments, granitic 
basement etc. 

• Information feeds into numerical fluid flow 
models

• The scale is inappropriate to resolve the 
architecture of sub-basins, which occur on a 
1-10 km scale. 

• This requires high-resolution case studies



Insights from regional modelling 
and interpretation

Two styles of sub-basin
• Type 1 

– Bound by NNW-trending faults
– Located along strike of the Emu Fault 

Zone
– E.g., Glyde, Caranbirini

• Type 2
– Bound by EW to NE-trending normal 

faults and NS-trending sidewall faults
– E.g., Myrtle, Teena
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Previously interpreted (after McGoldrick et al., 2010) and geophysically defined sub-basins



Sub-basin architecture – type 1
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Glyde Sub-basin
• Structurally controlled, concealed 

sub-basin
• Lies under a few to 10’s of metres of Bukalara

Sandstone

• Preserves up to 900 m of Barney Creek 
Formation

• Previously interpreted as a 
transtensional, negative flower 
structure (e.g., Davidson and 
Dashlooty, 1993)

• Good data coverage 
• Falcon AGG – 400 m line spacing. 

(PR2013-0005)

• Airborne EM, Geotem – 1 km line 
spacing. (CR1997-0289)

• Drill holes



Sub-basin architecture – type 2
• Myrtle

– Falcon AGG – 400 m line spacing. (PR2013-0005)
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Structural evolution
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• Style and timing of faulting at different 
periods of the basins development were 
interpreted

• Partly built on previous work (e.g., PGN, Frogtech; DIP’s 
11 & 15)

• Constrained by 2D modelling, including

• Regional variations in thickening/thinning of stratigraphy. 
Correlated with:

– Mapped/interpreted faults

– Observations from 1:250K map sheets and notes (e.g., 
unconformities, growth faulting, sedimentation style)

Lower Tawallah Group
(Leichhardt Superbasin)

Mid-Tawallah inversion
(Leichhardt Event)

Upper Tawallah Group
(Calvert Superbasin)

Middle McArthur Group
(Isa Superbasin)

Upper McArthur/Nathan Groups
(Early Isan Orogeny)

Deformation and erosion
(Late Isan Orogeny)

Roper Group deposition Post-Roper deformation



Triggers for fluid flow
• Extension and sub-basin development during early deposition of the Barney Creek Formation

• Growth on inherited E-W faults in central BFZ

• Against parts of the Emu Fault Zone in elongate sub-basins

– Some areas saw subsidence and thickening of sediments, other areas uplift and erosion

• Potential N-S oriented, ca. 1640 Ma mild basin inversion?

• Basin-wide influx of breccias into sub-basins towards top of the Barney Creek

– Uplift and erosion across parts of the basin?

• Syn-sedimentary deformation recognised at McArthur River (e.g., Hinman 1995)

• EW folding recognised in parts of BFZ, timing is poorly constrained

• Correlates with the Riversleigh event on the Lawn Hill Platform

– May be linked to collisions along margin of the NAC

– Or intraplate deformation related to broader scale plate reorganisation

• Deformation may be the trigger for pumping mineralising fluids up faults from depth
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Summary
• Southern McArthur Basin developed from multiple episodes of extension 

and crustal shortening

• Interpretation and modelling of geophysical data indicates:

• Anomalously thick sequences of mafic volcanic units preserved within 
the Tawallah Group 

– Strong spatial association to known mineralisation

– Volcanics have previously been interpreted as the source of base 
metals

– Normal and strike-slip faults active during deposition of the 
McArthur Group penetrate the modelled volcanic units

• Short-lived compressional event at end of deposition of the Barney 
Creek Formation

– Tectonic driver for fluid flow and mineralisation?
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